Purpose. To review preoperative radiography and computed tomography (CT) of the ankle in 69 patients who underwent surgery for ankle fractures to determine the value of CT in diagnosis and surgical planning. Methods. Preoperative radiography and CT of the ankle of 46 women and 23 men aged 17 to 90 (mean, 48.8) years were reviewed. CT was deemed necessary when radiographs showed the following features: (1) comminuted fracture of the medial malleolus involving the tibial plafond, (2) comminuted fracture of the posterior malleolus, (3) presence of loose bodies, and/or (4) suspected Chaput or Volkman fracture fragment. Two orthopaedic surgeons independently reviewed the radiographs to look for any of the above features for which CT was indicated. In patients whose radiographs did not show any of the above features, each surgeon formulated a surgical plan based on radiographs alone and decided if any modification was needed after reviewing the CT scan. Results. Based on radiographs of the 69 patients, 19 (28%) patients had features of posterior malleolar comminution (n=7), medial malleolar comminution (n=7), suspected Chaput fracture fragment (n=1), suspected Volkman fracture fragment (n=1), and combination of 2 lesions (n=3), and were deemed to require CT. In 10 (20%) of the remaining 50 patients, the surgical plan was modified after review of the CT scan. The intra-and inter-observer agreement was good to excellent. Conclusion. Radiography alone is not adequate for surgical planning for ankle fractures. More accurate imaging tools such as CT are needed to enable a more accurate diagnosis and surgical planning.
lateral malleolar fractures together with medial soft tissue injury, and fractures associated with syndesmosis disruptions. 1 Surgical planning is usually based on standard anteroposterior, lateral, and mortise-view radiographs. 2 The outcome is usually good when there is no comminution of the articular surface or loose bodies. [3] [4] [5] [6] [7] Nonetheless, unsatisfactory outcome may occur owing to failure to recognise and treat displaced fracture fragments, articular incongruity, and/or syndesmotic injuries. [8] [9] [10] [11] [12] [13] [14] Computed tomography (CT), magnetic resonance imaging (MRI), intra-operative 3-dimensional imaging (Intraop 3D), and arthroscopy can help detect these lesions. CT has good inter-observer agreement. 15 This study reviewed preoperative radiography and computed tomography of the ankle in 69 patients who underwent surgery for ankle fractures to determine the value of CT in diagnosis and surgical planning.
Materials and Methods
Preoperative radiography and CT of the ankle of 46 women and 23 men aged 17 to 90 (mean, 48.8) years who underwent surgery for ankle fractures in our hospital between January 2012 and December 2013 were reviewed using a DICOM-based viewer (Centricity version 3.1.4, GE Healthcare, United Kingdom). Patients with pilon fracture were excluded (because CT would be necessary for delineation 16 ), as were skeletally immature patients with open physis (because of differing fracture pattern).
Common indications for the use of CT are the presence of comminuted intra-articular fractures, loose bodies in the ankle joint, and/or syndesmosis on radiographs. [17] [18] [19] CT was deemed necessary when radiographs showed the following features: (1) comminuted fracture of the medial malleolus involving the tibial plafond, (2) comminuted fracture of the posterior malleolus, (3) presence of loose bodies, and/or (4) suspected Chaput or Volkman fracture fragment (Figs. 1 to 4) .
Two orthopaedic surgeons independently reviewed the radiographs to look for any of the above features for which CT was indicated. In patients whose radiographs did not show any of the above features, each surgeon formulated a surgical plan based on radiographs alone and decided if any modification was needed after reviewing the CT scan. One of the surgeons repeated the decision making process at least 3 months later to evaluate the intra-observer agreement. The inter-and intra-observer agreement was evaluated using the Spearman correlation test. 20 The agreement of a correlation coefficient of 0-0.2 was considered as slight, 0.21-0.4 as fair, 0.41-0.6 as moderate, 0.61-0.8 as good, and ≥0.81 as excellent. 21 A p value of <0.05 was considered statistically significant.
results
Based on radiographs of the 69 patients, 19 (28%) patients had features of posterior malleolar comminution (n=7), medial malleolar comminution (n=7), suspected Chaput fracture fragment (n=1), suspected Volkman fracture fragment (n=1), and combination of 2 lesions (n=3), and were deemed to require CT. The Spearman correlation coefficient for intra-and inter-observer agreement was 0.75 and 0.85, respectively (p<0.001).
In 10 (20%) of the remaining 50 patients, the surgical plan was modified after review of the CT scan (Table) . The Spearman correlation coefficient for intra-and inter-observer agreement was 0.76 and 0.88, respectively (p<0.05).
discussion
Ankle fracture patterns cannot be shown clearly on radiographs. 15, [22] [23] [24] [25] In 24% of patients with ankle fracture, surgical plan (based on radiographs) was modified after review of the CT scan. 15 The modifications involved the medial malleolus, the posterior malleolus, a Tillaux fragment, and removal of loose bodies with or without microfractures.
In our study, 3 types of lesion could potentially have been missed: posterior malleolar lesion, presence of loose bodies, and bony avulsion around the syndesmosis. Radiographs are unreliable in assessing posterior malleolar fractures. 22, 24 Radiographs underor over-estimated the size of the fragment in 54% of trimalleolar ankle fractures. 22 Radiographs grossly underestimated the comminution and impaction of the articular surface in trimalleolar fractures. 24 In our study, one simple bimalleolar fracture with no obvious posterior involvement on radiographs was revealed on CT to be a sizable posterior malleolar fragment with articular incongruity. In 3 patients, loose bodies were identified on CT and required removal or microfracture treatment of the exposed bone surface. Although the ankle joint and medial and lateral gutters can be visible on radiographs, slight rotation of the limb may overlap the bones and obscure loose fragments. Clear visualisation of syndesmosis is difficult because of overlapping of the distal tibia and fibula. Arthroscopy found a 38% incidence of talar dome lesion in supination-external rotation stage IV ankle fractures. 26 The use of CT to detect loose bodies and associated osteochondral defect may improve clinical outcome. 27 A Chaput fragment in one patient with a Weber C fracture was finally picked up by CT (Fig. 3) . The Chaput fragment was actually an avulsion fracture of the anteroinferior tibiofibular ligament. It signifies disruption of the syndesmosis. 28 If it is not identified, most surgeons would simply fix the high fibular fracture and supplement with a syndesmosis screw. If it is identified, it can be fixed back to the distal tibia to obviate the need for removal Mal-reduced and mal-united intra-articular ankle fractures can lead to accelerated arthritis. The anatomy of the ankle joint confers natural protection against degeneration. As a result the prevalence of symptomatic arthritis at the ankle was only around 1% in the population while that at the knee was around 12%. 29 The protective mechanisms include a high joint congruency, motion mainly on a single plane, stiffness and other specific biological properties of the ankle cartilage. 30 These protective mechanisms can be disturbed by an incongruent ankle joint. Post-traumatic arthritis is the most common cause of ankle degeneration. More accurate imaging modalities are thus necessary. 23, 24, [31] [32] [33] [34] [35] [36] MRI is highly accurate for the diagnosis of syndesmosis disruption and other soft tissue injury such as deltoid ligament and osteochondritis dessicans, 31, 32 but it has a high operational cost and is not widely available. Delineation of osseous pathology may be inferior to CT. CT is more sensitive than radiography in detecting the pattern of posterior malleolar injury and syndesmotic diastasis. [22] [23] [24] Arthroscopy can be used to diagnose and assist reduction of the articular surface and syndesmosis, 33, 34 but it requires high expertise and prolongs the operating time. Intraop 3D can provide useful information that cannot be obtained from radiography, 35, 36 but it does not allow surgical planning as its use is in real-time. The surgical plan can only be modified intra-operatively. Moreover, its cost and radiation exposure remains a concern. conclusion Radiography alone is not adequate for surgical planning for ankle fractures. More accurate imaging tools such as CT are needed to enable a more accurate diagnosis and surgical planning.
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